Aquaculture is regarded as a promising sector with its high feed efficiency and land productivity. However, capture fishery is still dominant in the northern states containing the Amazon River, where relatively late start of infrastructure development and insufficient administrative services are pointed out as the constraints. We applied snow-ball sampling in the northeast coast of Pará state and conducted interviews to nurseries and hatcheries to find current situation and the obstacles. The results of 21 privately-owned nurseries and hatcheries revealed that fishponds were constructed inside farms utilizing natural water sources; tilapia, an invasive alien species, and Serrasalmid and Pimelodid hybrids were commonly cultured; no respondents were or had been engaged in capture fishery; and aquaculture was rather regarded as a second job by farmers and stockbreeders. Distance from administrative supports favorably functioned in a sense because the aquaculturists were free from the government control. It can be expected that the water system of fishponds provides an incentive to preserve forests surrounding water sources and reservoirs.
INTRODUCTION
One of the advantages of aquaculture is high productivity, probably representing the highest animal production per area (Lovell 1979, Valle and Proença 2000) . Inland aquaculture production has increased rapidly (FAO 2009 (FAO , 2011 , and it is projected that by 2018 cultured fish products will exceed captured fish in live weight equivalent (FAO 2012) . On the other hand, external diseconomies have also been pointed out. Brackish water aquaculture in the tropics, for instance, has been criticized as a cause of mangrove deforestation (Flaherty and Karnjanakesorn 1995, Nascimento 2007) . Intensive aquaculture causes eutrophication (Cao et al. 2007) , while species dispersed from aquaculture can be invasive alien species (Caconico et al. 2005) . Impact of wild fish seed (fry and fingerlings) capture for breeding as well as for feed of carnivorous species on wild population is another problem caused by aquaculture (Naylor et al. 1998 , Olesen et al. 2010 , FAO 2011 . To mitigate such environmental impacts, Ecosystem Approach to Aquaculture is advocated by FAO (2012) . Among the regions of the world, Latin America and the Caribbean showed the highest annual average growth in aquaculture production in the period 1970-2008 (FAO 2011 ). Brazil has a high potential of inland aquaculture owing to abundant fresh water resources, wide range of climates, developed livestock feed industry which can be applied to fish feed, and the existence of large domestic consumption market of fishery products (Ostrensky et al. 2008) . Particularly fresh water fish culture has potentials in high land productivity, high nutrient efficiency, quick return of capital investment, flexibility in harvesting time (SEBRAE 2001) , and lower impact on the water quality (Toledo et al. 2003) .
In the lower Amazon, it is expected as an alternative to cattle ranching by small holders (McGrath et al. 2007 ). One of the favorable factors for freshwater aquaculture development in the Amazon is some commercially important aquaculture species like tambaqui (Colossoma macropomum) and pirarucu (Arapaima gigas) are originated there. Especially the latter was regarded as an extremely promising species (MMA 2008) due to its extraordinary growth performance, tolerance to the water with low dissolved oxygen, and high commercial value (Perreira-Filho et al. 2003 , Soares and Noronha 2007 , Alcántara Bocanegra et al. 2005 . At the same time, constraints are also pointed out like competition against capture fishery in the Amazon River (Boeger and Borghetti 2008) . Less developed history of the region results in low population density and poor market infrastructure (Freitas n.d.) , which led to low quality and availability of fish seed and high cost of feed (Rezende et al. 2008) , and insufficient administrative capacity and bureaucracy caused lack in public supports to aquaculture development (Lee and Sarpedonti 2008) . As for the negative environmental impacts of inland aquaculture in general, some studies referred to possible expansion of alien species such as tilapias (Oreochromis spp and Tilapia spp) and tucunaré(Chicla spp) (Zaret and Paine 1973 , De Vos et al. 1990 , Gama 2008 , Gomiero and Braga 2004 . The piscivorous species like tucunaré have been considered especially harmful because they directly cause a reduction in the population of indigenous species. Based on these already pointed out constraints on the fresh water aquaculture development in the Amazon River, we analyzed potentiality of future development, whether aquaculture can be an alternative to exploitative capture fishery in the Amazon River, and what are supposed to be environmentally negative effects.
METHODS
We first describe the current situation of fishery in Brazil and the Northern region based on secondary sources.
In addition, open-ended interviews were conducted to officers of the MPA (Ministry of Fisheries and Aquaculture) and SEPAq (Pará State Secretariat of Fishery and Aquaculture), and researchers of the UFPA (Federal University of Pará) and Embrapa (Brazilian Agricultural Research Corpo-ration) East Amazon. Difficulties in primary data collection are common throughout the Northern region as well as its surrounding areas. For example, Simões et al. (2011) pointed out inaccessibility to farmsteads in Mato Grosso State. In our case, first obstacle was neither the number nor the list of auaculturists existed. Road accessibility was another decisive disadvantage for interview survey in interior regions. As aquaculture might not develop in hinterlands, we adopted snowball sampling started from an officer at the Castanhal Fresh Water Aquaculture Experimental Station in Castanhal Municipality, where high concentration of fishponds could be expected (Lee and Sarpedonti 2008) . Data collection was conducted from August to September, 2011. The total number of interviewed nurseries and hatcheries was 22, dispersing across the municipalities of Bonito, Capitão Poço, Castanhal, Igarapé Açu, Terra Alta, Salinópolis, Santa Isabel do Pará, and São Miguel do Guamá. We visited either a manager or employees if the manager was absent, and interviewed about the year set up, species cultivated, fish seed acquisition and market of products, other sources of income, public supports, license, and their perceptions on the future development, using semi-structured questionnaires. Locations of the nurseries visited were recorded by GPS ( Fig. 1 ).
AQUACULTURE DEVELOPMENT IN BRAZIL
Brazil has become one of the most important countries in terms of primary production in the world, in particular, food production. Distinctively low PSEP (Producer Support Estimate Percentage), 4.61 % in 2012 (OECD 2013) , suggests the current status of Brazil in the world agricultural commodity trade was achieved mainly by private investments. This might also be applied to the growth of inland aquaculture in Brazil when inland capture fisheries have experienced stagnation in the 2000s. Looking back the federal level fishery policy, the SUDEPE (Superintendence for the Development of Fisheries) was responsible for fisheries and aquaculture from 1962 to 1989. In 1989, the fishery administration was transferred to the IBAMA (Brazilian Institute of Environment and Renewable Natural Resources), which consequently regulated the capture fisheries and controlled the production. The fishery policy shifted from conservation to pro-duction with establishment of the SEAP (Special Secretary of Aquaculture and Fisheries) in 2003, but production trend did not change drastically and inland capture fishery remained stagnated. In contrast, inland fish culture started to increase in 2006 and exceeded capture fishery in 2008 (Fig.  2) . The SEAP was merged into the MPA in 2009. Longer tradition of capture fishery has led to more accurate statistical information and better institutional, technical, and financial supports provided by the MPA compared to those on aquaculture. Lack in data and responsible government organizations resulted in insufficient policy for aquaculture development (interview at MPA on August 29, 2011; at SEPAq on September 5 and 6, 2011). Nevertheless, inland aquaculture developed rapidly especially in the regions of central to northern part of the country ( Fig. 3 ).
Of the five major states of inland fishery, aquaculture is more common in the southern regions. Despite the favorable conditions for aquaculture in the Northern region, possessing 45.32 % of the land (IBGE 2011 ) and 69.22 % of the fresh water available in Brazil (MMA 2007) , the fishery production in the region more relies on capture fishery (Fig.  4 ). However, it was pointed that fish consumption itself has been increasing in the Northern region (Santos and Santos 2005) . The SEPAq has promoted the development of aquaculture by providing not only technical but also material supports, and loan services are available through the MPA. Meyer et al. (2011) mentioned that aquaculture was recently expanding in this region. Fig. 2 . Fish production from fresh water in Brazil (IBAMA n.d., 2003 (IBAMA n.d., , 2004a (IBAMA n.d., , 2004b (IBAMA n.d., , 2005 (IBAMA n.d., , 2007a (IBAMA n.d., , 2007b MPA n.d.) . Fig. 3 . Inland aquaculture production by region (IBAMA n.d., 2003 (IBAMA n.d., , 2004a (IBAMA n.d., , 2004b (IBAMA n.d., , 2005 (IBAMA n.d., , 2007a (IBAMA n.d., , 2007b (IBAMA n.d., , 2007c MPA n.d.) . 
CURRENT SITUATION OF AQUACULTURE IN THE NORTH EAST COAST OF PARÁ STATE
Who are the owners?
Of 21 interviewed private farms, three cultured seed only (hatchery), 15 purchased seed and produced food fish (nursery), and three did both. Two newly established nurseries were collectively owned and managed by 10 and 12 members respectively ( Table 1) . Most of the nurseries were scattered in vast rural areas (Fig. 1) , where the ponds were invisible from the road and the location could not be found out unless the information was preliminarily given.
Of 19 individually owned nurseries/ hatcheries, the owners were in their thirties to sixties. Their educational background also almost equally distributed from primary school dropout to higher education. Six of them were originated from Pará State, and the others were from various states like Amazonas (North), Piauí, Ceará, Rio Grande do Norte, Alagoas, and Bahia (Northeast), Goiás (Central West), and Minas Gerais (Southeast). One owner was originated from Guyana. Six owners set up their houses in urban areas, while the other 13 including three permanent aquaculturists resided in the farmsteads.
The backgrounds of the three permanent aquaculturists were: former farmer, merchant, and wageworker. Other 16 owners had other sources of income. Fourteen owners had income either from farming (2) or stock breading (2), or from both (9), or engaged in apiculture (1). Of nine owners who engaged in both farming and stock breading, one was also a beekeeper and another engaged in logging. Only two did not get income from primary sector. It should be noted that none were and had been engaged in capture fishery.
Technical characteristics
Introduction of aquaculture in the region can be dated back to the 1980s. SEPAq (Pará State Secretariat of Fishery and Aquaculture) established a hatchery in 1981, and has produced post-larvae of tilapia and tambaqui. The products were, in part, donated to aquaculture associations and also sold directly to aquaculturists.
The main species cultivated were tilapias, tambaqui, and Serrasalmid hybrid species called tambacu (crossbreeding of C. macropomum and Piaractus mesopotamicus) and tambatinga (C. macropomum and C. braquipomum). One hatchery started seed production of a Pimelodid hybrid named ponto-e-vírgula (Pseudoplatystoma corruscans and P. fasciatum) in 2011. Some aquaculturists were reluctant to answer that they had tilapias because the Law No 6713 (2005) of Pará state prohibited the cultivation in the North region. However, every nursery possessed this species.
In general, a natural stream in a farm is dammed up with dykes to make a reservoir. The water can be distributed by several canals to fish ponds. Once the infrastructure is constructed, it requires limited running cost such as electricity to maintain the facility. Many aquaculturists had water source for reservoirs and ponds in their own properties. Microbe growth promoters and lime were generally added.
Artificial feed was generally used, but some nurseries did not feed. Water of reservoirs was also used for livestock.
The largest-scale nursery obtained fresh water directly from the fountainheads inside the farm and made a reservoir by checking natural water flows (Fig. 5) . In that case, water led by canals filled 10 ponds. Of 21 individually or collectively owned nurseries/ hatcheries, only seven answered to have water lifting pump. An employee at a nursery told that the owner had conserved forests around reservoirs to protect the water source.
Management and perceptions on the future development
The average year in operation by 2013 was 11.44 excluding three invalid answers. Of those 18 samples, 13 were established within a single decade (Fig. 6 ). Taking three nurseries were established just a year before the survey period, an increasing tendency in inland aquaculture can be observed.
Of totally 16 individual owners of nurseries, one raised fish in the reservoir of approximately 0.5 ha. Others had several to 10 ponds exclusively for nurseries including one outlier with 27.04 ha (nine ponds) of nurseries. This outlier also engaged in farming and livestock breeding, but we failed to obtain the details of farm management due to absence of the owner. The average area including the reservoir cum nursery but excluding the outlier mentioned above, 15 samples in total, was 0.71 ha ranging from 0.06 to 1.83 ha.
The respondents could not answer the number of fish culti- 2  Individual  3  13  3  19   Total  3  15  3  21 vated because tilapia propagates naturally regardless the season.
The interviewed nurseries obtained seeds either from their own hatcheries or from other hatcheries by air or surface transportation. Of two collectively owned and 16 individually owned nurseries, only two sold their fish mainly to middlemen. Fish products were generally sold at local market to neighbor consumers. It is widely known in Brazil that the best season to sell fish is during Holy Week. Some respondents cultivated fish only for selling during this season. However, it does not necessarily mean that their activity remain as a side business. During Holy Week, burgeoning fish demand takes place, and according to the respondents, fish nurseries could never meet the demand.
Of 19 individual owners, only two told that the water surface size had decreased or stable, which happened against their own will. One lost a reservoir because of a heavy storm. The other had a reservoir which continuously received silt from the stream that supplied the water. Sixteen answered that they had enlarged the business, and 13 intended to expand further.
All the interviewed nurseries/ hatcheries answered that whatever produced could be sold and they were satisfied with the profitability. One nursery established in 2007 by a city councilor, for example, sold 30-40 kg day -1 of fish from the nursery apart from the sale to consumers at a restaurant ran by the family member.
Environment impacts
Although all aquaculturists are required to obtain En- vironmental License from the SEMA before starting the operation, as well as other documents according to the form of cultivation, who obtained the license remained four of the 21 nurseries/ hatcheries. Only one, which can be categorized to an average scale, answered that he obtained all the documents required. This indicates that the majority of nurseries/ hatcheries in the northeast coast of Pará state were operated informally. One respondent said that he had not yet received Environmental License even five years after application. Another respondent told that he finally gave up the license when he faced the hurdle of bureaucracy.
Respondents were also reluctant to provide detailed information about tilapia. Cultivation of tilapia, an invasive alien species, in an open system is prohibited by the Law No 6,713 (2005) of Pará state. However, every nursery actually cultivated it. Another negative externality caused by aquaculture on the water quality as pointed in FAO (1997) could not be identified through the field observation. Water system was closed in each farmstead, and therefore eutrophication, if any, might be caused not only by aquaculture but also by farming and ranching.
On the other hand, the Brazilian Forest Code imposed every private land owner to keep 80 % of property as a native forest, which is called legal reserve, in the Legal Amazon consisting of nine states in the Amazon Basin. When the actual situation is "far from being respected" (Alston and Mueller 2007), fishpond establishment inside farmstead can be an incentive to preserve trees surrounding water sources and reservoirs.
DISCUSSION
The answers of interviewed nurseries and hatcheries were promising future development of inland aquaculture in the coastal region of Pará state. The managers were mainly originated in agricultural sector, and aquaculture investment was a way to utilize their farm land. Another minor group consisted of salaried workers and they invested their provisions to aquaculture. Beveridge (1987) referred difficulties in water quality control caused by discrepancy between public ownership in water sources, from where nurseries obtain and drain the water, and private ownership of the nurseries. In contrast, most of the sample nurseries and hatcheries were established in farmsteads, and water supply and drainage system was closed in each farmstead. Self-sufficiency characteristics in the water supply system for inland aquaculture rather function as an incentive for conservation of surrounding forests.
Negative impacts on surrounding environment caused by alien and hybrid species is one of the concerns of the Law No 6,713 (2005) of Pará state. Among sample nurseries, at least tilapia was confirmed as an alien species. Other cultivated species were native to the Amazon basin or hybrid of these species that cannot propagate by themselves. Basically negative genetic impacts on natural ecosystems can be neglected if there are no direct connections with larger river systems. If unexpected floods disperse tilapia to natural ecosystems, its vigorous self-breeding ability may become a threat to the ecosystem balance even though no genetic contamination possibly occurs with absence of species genetically close to tilapia. Among the constraints listed by previous studies, insufficient infrastructure and government services existed, which made most of the managements remained out of government approval and license systems and therefore their activities were not recorded. However, the sector is expanding even without public supports. Lack in administrative services even favorably functioned for the aquaculturists in the sense of being free from the environmental control. This negatively interdependent relationship between aquaculturists and the government, namely decriminalized cultivation of profitable but invasive species in exchange of insufficient public supports, should be converted to support and environmental control before aquaculture expands to diversified locations including those nearer to river systems. As a basis of policy and planning for aquaculture development and prevention of environmental risks caused by the expansion, establishment of a statistical data collection system and activation of existing environmental license system are needed.
